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Abstract 13 
Staple entanglement in mohair fleeces occurs when adhesions form between longer and faster 14 
growing fibres and shorter and slower growing fibres. This results in accentuated crimp of the longer 15 
fibres and an “apparently” reduced staple length. The appearance in the fleece of Angora goats of 16 
staple entanglements can lead to the downgrading of the mohair to poorer style and shorter length 17 
grades, resulting in up to 60% price reductions. This study examined how staple entanglement score 18 
(SES) is related to lifetime factors of Angora goats, and how this relationship can be explained by 19 
variations in animal size and fleece attributes. SES was scored using a five-point scale: 5, long free 20 
fibres easily separated as no adhesions; 4, some adhesions between fibres; 3, some effort to separate 21 
fibres as many adhesions; 2, many adhesions, staple fibres entangled, shortening of staple; 1, very 22 
entangled and shortened staple. Measurements were made over 9 shearing periods on a population of 23 
Angora castrated males (wethers) goats representing the current range and diversity of genetic origins 24 
in Australia, including South African, Texan and interbred admixtures of these and Australian 25 
sources. Data on genetic origin, sire, dam, date of birth, dam age, birth weight, birth parity, weaning 26 
weight, live weight, fleece growth and fleece attributes were recorded. Two restricted maximum 27 
likelihood (REML) models were developed to relate SES with age, animal lifetime factors, fleece 28 
quality attributes and live weight. One model allowed fleece quality and live weight traits in the 29 
model and the other excluded these traits. Staple entanglement was almost eliminated in mohair 30 
harvested from goats shorn every 3 months but was common in mohair from goats shorn twice or 31 
once per year. SES was less in goats of Texan genetic background, and was generally less in winter 32 
grown mohair. SES was higher for mohair with low fibre curvature (FC, 10 /mm) and a high clean 33 
washing yield (CWY, 90%) compared with mohair with low FC and lower CWY (80%), and 34 
compared with all mohair with high FC (18 /mm). The response of SES to shearing regime, genetic 35 
background, shearing season, age of goat and a response to dam age were almost identical whether or 36 
not an adjustment was made for CWY and FC. There was a moderate amount of variability due to 37 
sires and individuals. We can conclude that a large part of these effects observed, namely breed, dam 38 
age, sire, and a component of the FC and CWY effects, are genetic. Mohair producers can manage the 39 
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genetic effects by careful selection of sires, especially avoiding those with low CWY or high FC, and 40 
avoiding sires with higher levels of staple entanglement or that have produced progeny with higher 41 
levels of staple entanglement. Also, unidentified environmental effects are affecting staple 42 
entanglement, although a lack of a live weight change effect on entanglement indicates that this effect 43 
might not be due to nutrition. 44 
 45 
Keywords: age, washing yield, curvature, quality, genetics 46 
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1. Introduction 47 
Staple entanglement is a fleece attribute that occurs in Angora goats in both Australia and 48 
South Africa (McGregor, 2007), and probably elsewhere. Staple entanglement occurs when adhesions 49 
form between longer and faster growing fibres and shorter, straighter and slower growing fibres (Fig. 50 
1). The adhesions can be skin pieces (scurf or dandruff), wax, suint or mixtures of these products and 51 
dust. Once an adhesion has formed it results in the fibres that are growing faster forming exaggerated 52 
crimps as they buckle sideways. The process results in the natural crimp (character) of the longer 53 
fibres being accentuated as the longer fibres are not free as they are fixed to the skin follicle, and also 54 
fixed to the shorter fibre. The longer fibres tend to grow in parallel and this is reinforced by adhesions 55 
between these fibres. The result is an accentuated crimp of the longer fibres, and the shorter fibres 56 
tend to lose their crimp and become straightened. In South Africa, mohair selling agents reported that 57 
about 30-33% of mohair consigned from the first winter fleece from weaner goats exhibited 58 
entanglement of staples (McGregor, 2007). Duerden and Ross Spencer (1930) described a mohair 59 
attribute similar to staple entanglement, without giving it a specific name. A similar fleece dynamic 60 
has been reported in Merino wool which relates to the effects of longer and shorter fibres on the 61 
appearance of staple crimp (Goldsworthy and Lang, 1954; Nay and Williams, 1969). 62 
In both Australia and South Africa, visual inspection is used to assign mohair style grades and 63 
staple length category during mohair marketing (van der Westhuysen et al., 1988; Clancy, 2005). 64 
Mohair style grading includes a number of staple characters such as the number of crimps or waves 65 
per cm, staple lock uniformity, staple style (the number of ringlets or twists per cm), staple tip 66 
definition, uniformity of staple length, lustre and dust penetration. This is a serious problem for 67 
producers that have mohair with severe staple entanglement because fleeces will often be downgraded 68 
to the poor style grade during marketing. An assignment of a poor mohair style typically results in a 69 
discount of 22% compared with average style mohair, after accounting for other fleece quality 70 
attributes (McGregor and Butler, 2004). Furthermore, the accentuated crimp of the longer fibres in 71 
entangled mohair results in an apparently reduced staple length. In fact it has been shown that for 72 
fleeces with fibres of the same actual straightened length, entangled staples have a much shorter raw 73 
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staple length (Table 1). This reduced staple length in raw mohair can lead to fibres being classified as 74 
C length (7-10 cm) which leads to a typical discount of 50% compared with longer A and B length 75 
mohair (McGregor and Butler, 2004). This suggests that mohair with severe staple entanglement may 76 
be discounted by 60%. Entire farm lots of mohair, which lack uniformity and where the staple 77 
crimping of the fleece may be accentuated, and the resultant lock length to appear reduced, have been 78 
down-graded to a shorter length class (McGregor, 2002). These issues were of sufficient concern to 79 
Australian mohair producers to become a priority focus to improve mohair quality by improved 80 
husbandry, clip preparation and a reduction in short fleeces (RIRDC, 1998). 81 
Entanglements and adhesions between fibres in mohair lead to increased fibre breakage 82 
during early stage processing and reduced processed fibre length (Hunter, 1993). Thus some of the 83 
discounting of mohair for severe staple entanglement may be justified. On the other hand, if fibre 84 
adhesions are easily removed during normal hot detergent scouring, then discounting is not justified. 85 
Either way, with present knowledge, producers need to avoid producing mohair with severe staple 86 
entanglement to avoid potential price discounts.   87 
Given the importance of mohair staple structure to the classification of mohair style, the 88 
economic importance of mohair style in mohair prices, and the effect of staple entanglement on 89 
apparent staple length, we examined how staple entanglement varies with lifetime factors of Angora 90 
goats and how variations in animal size and fleece attributes affect these relationships.   91 
 92 
2. Materials and methods 93 
 94 
2.1. General 95 
 96 
Management details have been provided by McGregor et al. (2012). In brief, Angora goats 97 
born in September 2002 in a progeny testing evaluation at Horsham, Victoria, (36º42'50"S, 98 
142º18'30"E, altitude 180 m) with pedigree breeding records from known sires, were grazed on 99 
pasture from birth until 6 years of age. Records of dam, birth weight, birth parity, live weight, fleece 100 
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growth and fleece quality were taken from 94 castrated males (wethers). These goats were progeny of 101 
various genetic sources including sires of 100% South African origin (n = 2 sires, n = 22 progeny), 102 
100% Texan origin (n = 4 sires, n  = 33 progeny), and other interbred admixtures that included sires 103 
of South African, Texan and Australian origin (n = 4 sires, n =  39 progeny). The sires were 104 
representative of the genotypes available in Australia (Ferguson and McGregor, 2004, 2005). All 105 
animals were shorn every 6 months from 6 months of age, except as described below. One month 106 
after shearing in February 2004 the goats were transported to Attwood, Victoria (37°40’S, 144°53’E, 107 
altitude 135 m) and grazed as a flock until November 2008. Between February 2004 and February 108 
2006 the goats were involved in a designed experiment to examine shearing regimes and adjustments 109 
for the effects of the experimental treatments have been made in the present analysis.  110 
 111 
2.2. Management 112 
 113 
Goats were grazed as one flock, at near the recommended stocking rate on improved annual 114 
pasture. Goats were moved between paddocks to match feed requirements. Shelter was available in 115 
the form of covered and enclosed shedding that was always accessible and could accommodate all 116 
goats. Fresh water was provided in all paddocks. During most years in autumn and winter, pastoral 117 
conditions were affected by drought and supplementary feeding was undertaken following Australian 118 
practice (McGregor, 2005) from mid May to early September to maintain live weight (McGregor and 119 
Butler, 2008).  120 
 All goats were weighed to the nearest 0.2 kg one day prior to any shearing. All goats were 121 
fasted overnight prior to shearing or crutching. Goats were returned to pasture together following 122 
shearing. Fleece-free live weights (FFLwt) were determined for each goat at shearing time by 123 
subtracting the greasy fleece weight from the live weight recorded immediately prior to shearing. 124 
Average FFLwt between shearings was determined as the average of the FFLwt at the start of the 125 
period and the FFLWt at the end of the period. Live weight change was the change in FFLwt over the 126 
period between shearings.  127 
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 128 
2.3. Design 129 
 130 
The goats studied were the castrated male progeny of a sire evaluation project (Ferguson and 131 
McGregor, 2004, 2005). Between February 2004 and February 2006 the goats were part of a 132 
replicated experiment studying the influence of shearing treatments  arranged as a factorial: 7 shearing 133 
treatments × 3 genetic strains; with either 4 or 8 individual goat replicates per treatment (McGregor 134 
and Butler, 2008). The shearing treatments were: 135 
 Three different 6 month shearing intervals, each with different months of shearing: February-136 
August, April-October, June-December;  137 
 Two 12 months shearing intervals with different months of shearing: August-August, September-138 
September; 139 
 One 3 month shearing interval (Often treatment); and  140 
 One 7-month winter shearing interval, February-September. 141 
Genetic strain was based on sire line as follows: 142 
 South African: Sires 100% South African bloodline; 143 
 Texan: Sires 100% Texan bloodline; and  144 
 Mixed: Sires of approximately 50% South African and 50% Texan bloodlines. 145 
Some strains of wethers, whose breeding did not fit within these criteria, were culled. 146 
 147 
2.4. Mohair measurement and testing 148 
The practices were exactly as previously described (McGregor and Butler, 2008). At 149 
crutching and shearing, fleeces, pieces, bellies and locks and samples were weighed to the nearest 1 g. 150 
Mid-side samples were taken at shearing. A range of objective and subjective evaluations were 151 
completed on the mid-side sample prior to testing the sample. Staple fibre entanglement was scored 152 
on 3 staples prior to other measurements. The degree of fibre entanglement and adhesions was scored 153 
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using a five-point scale: 5, long free fibres easily separated as no adhesions; 4, some adhesions 154 
between fibres; 3, some effort to separate fibres as many adhesions; 2, many adhesions, staple fibres 155 
entangled, shortening of staple; 1, very entangled and shortened staple, over-crimping evident. Very 156 
entangled staples (often called spongy staples) are very shortened due to cross fibre adhesions. These 157 
staples were then measured for staple length (SL) to the nearest 0.5 cm following the removal of 158 
adhesions and twists, and then stretched along a ruler to straighten the crimps. The assessed length 159 
was not the longest fibres in the staple tip but was subjectively determined with the aim of measuring 160 
to the point where most of the fibres were present before any significant narrowing of the staple near 161 
the tip, as per industry selling broker practice.  162 
Following laboratory evaluation, the mid-side samples were tested for clean washing yield 163 
(CWY, %w/w), mean fibre diameter (MFD, m), fibre diameter coefficient of variation (CVD, %), 164 
fibre curvature (FC, /mm), FC s.d., incidence of medullated fibre (Med, % by number), and the mean 165 
fibre diameter of medullated fibres (m), using the OFDA100 (IWTO, 2005a,b,c). For each test 8000 166 
fibre measurements were made.  167 
 168 
2.5. Statistical methods 169 
The unit of analysis was each shearing from each individual animal. Before statistical 170 
analysis, staple entanglement score was -log10(5.5 - y) transformed so that the residuals did not 171 
decrease as the mean increased. Then, a parsimonious restricted maximum likelihood (REML) model 172 
was developed, in a stepwise manner, to relate -log10(5.5 - y) to sire, dam and animal identities, age of 173 
animal at shearing and lifetime factors, but not to any fleece or live weight attribute. Fixed effects 174 
were chosen and evaluated using Wald F-tests, and random effects and correlation structure were 175 
chosen and evaluated using chi squared change in deviance tests (GenStat version 15; Payne, 2012).  176 
A similar parsimonious model was then developed that also allowed the possibility of 177 
including fleece and live weight attribute effects. Confidence intervals of back-transformed means, 178 
from both parsimonious models, were constructed using asymptotic normal approximations on  179 
9 
 
the -log10(5.5 - y) scale and back-transformed to the original staple entanglement score scale. No 180 
outliers were detected from either model. 181 
 182 
3. Results 183 
 184 
With the exception of fleeces from quarterly shearings, at all shearings there were many 185 
fleeces with staple entanglement scores of 3 or below (Fig. 2a). Fleeces with staple entanglement 186 
scores of 3 or below represented 52% of all fleeces examined from shearings other than the quarterly 187 
shearing treatment. For fleeces from the quarterly shearings, most staple entanglement scores were 4.5 188 
or 5 (Fig. 2b). 189 
The fixed effects in the model for staple entanglement score without fleece attributes and live 190 
weight can be symbolically represented as (Table 2, 3, Appendix): 191 
Log10(staple entanglement score) = Breed + Often + Season + Age3p5 + DamAge. 192 
There was no evidence of any further effect shearing regime (P = 0.84, Appendix), and no evidence of 193 
any further effect of age at shearing (P = 0.59, Appendix). 194 
The fixed effects in the model for staple entanglement score that does contain terms relating 195 
to fleece attributes and live weight can be symbolically represented as (Table 2, 3, Appendix): 196 
Log10(staple entanglement score) = Breed + Often + Season + Age3p5 + Age4 + DamAge + 197 
CWY + FC + CWY×FC. 198 
The term CWY×FC indicates product of CWY and FC. There was no evidence of any further effect 199 
shearing regime (P = 0.50, Appendix), and no evidence of any further effect of age at shearing (P = 200 
0.16, Appendix). 201 
Both these models included random terms for sires and individual goats (Table 3). A feature 202 
of these models is that the residuals are equi-correlated for all shearings of the same animal. There 203 
was no evidence (P = 0.48 and P = 0.66, Appendix) that a more complicated covariance structure 204 
between shearings, for the same animal, was needed. 205 
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Mohair grown by the goats in the Often shearing regime (every three months) had staple 206 
entanglement scores 1.1 higher, indicating lower entanglement, than mohair grown by goats in the 207 
other shearing regimes (Table 4). This occurred whether or not adjustments were made for fleece 208 
attributes. In fact, nearly all staple entanglement scores were at least 4 in the Often shearing regime.  209 
Mohair grown by the goats of Texan background had staple entanglement scores about 0.5 210 
lower than mohair grown by goats of South African or Mixed breed indicating greater staple 211 
entanglement (Table 5). This occurred whether or not adjustments were made for fleece attributes. 212 
Generally mohair grown by the goats in winter had staple entanglement scores 0.5 lower, 213 
indicating greater staple entanglement, than mohair grown by goats in summer, whether or not 214 
adjustment was made for fleece attributes (Table 6). However, the results indicate that there were two 215 
exceptions. At age 3.5, mohair grown during the summer had a staple entanglement score 0.5 lower 216 
than other summer grown mohair and similar to all winter grown mohair (Table 6). At age 4, mohair 217 
grown during the winter had a staple entanglement score 0.5 lower than other winter grown mohair, 218 
when adjustment was made for fleece attributes (Table 6). 219 
Increasing age of dam from 1 to 10 years was associated with a decrease in staple 220 
entanglement score of about 0.5 (Fig. 3). This occurred whether or not adjustment was made for 221 
fleece attributes.  222 
Staple entanglement scores were about 0.5 higher for mohair with low FC (10 /mm) and a 223 
high CWY (90%) compared with mohair with low FC and lower CWY (80%), and compared with all 224 
mohair with high FC (18 /mm) (Fig. 4). 225 
There was no evidence that staple entanglement scores were affected by other fleece 226 
attributes, such as MFD, CVD, FC s.d., SL, Med or greasy fleece weight, once FC, CWY, age and 227 
lifetime factors were taken into account (P  0.1, Appendix). There was also no evidence that live 228 
weight, and live weight change was associated with staple entanglement scores (P  0.1, Appendix).  229 
There was a moderate amount of variability due to sires and individuals (Table 7). Including 230 
fleece attributes in the model reduced the random variation between sires from 0.05 to 0.03 and 231 
between individuals from 0.07 to 0.05, but did not appreciably change residual variation (Table 7). 232 
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Several tests indicated that the sire and individual effects did not change with age (tests of general 233 
covariance structure of individuals between shearing ages, sire by age effect, sire variance differs 234 
between shearing ages; P > 0.1; Appendix). 235 
 236 
4. Discussion 237 
 238 
4.1. The effect of shearing regime 239 
 240 
The largest effect observed was shearing frequency, with staple entanglement scores < 4.0 241 
being almost eliminated with shearing every 3 months. This is not surprising because McGregor and 242 
Butler (2008) found that increases in staple entanglement score were the most clear cut response to 243 
reduced shearing frequency of a suite of fleece attributes. Unfortunately, the shearing frequency effect 244 
was not apparent with a shearing frequency of 2 or less per year (P > 0.5, Appendix) although we did 245 
not investigate 3 shearings per year. Thus it seems that using shearing frequency to reduce the severity 246 
of staple entanglement is only likely to be useful in very limited circumstances, such as when 247 
premium markets for shorter staple length is available, because of the extra costs associated with extra 248 
shearings.  249 
The mechanism by which more frequent shearing reduces staple entanglement is clearly 250 
related to the time of fibre growth although staple length, which is also directly related to the time 251 
interval between shearing, was not an important factor (P = 0.85, Appendix). We have observed that, 252 
as in Fig. 1, staples have high entanglement are frequently not entangled near the staple tip. This 253 
suggests that perhaps it is the effects of some or all of the following: (1) UV radiation degradation of 254 
grease (wax) near the staple tip which reduces the adhesions between fibres; (2) rain washes out suint, 255 
reducing adhesions near the tip of staples and increasing suint content and therefore fibre adhesions 256 
near the base of the staples and lower on the body of the goat; (3) movement of the staples as goats 257 
move about and graze; and (4) the disturbing effects of wind on the staple tips. It appears that staples 258 
need to grow for sufficient time before any propensity for staple entanglement can be realised.  259 
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 260 
4.2. The effect of lifetime factors 261 
 262 
The goats of Texan origin used in this study had a greater propensity for staple entanglement 263 
compared with other genetic origins. The effect was about 0.5 on our five point scale. This agrees 264 
with our earlier report that was based on the first 2 years of the present study (McGregor and Butler, 265 
2008). This confirms the views of mohair producers, obtained from an industry wide survey, that 266 
staple entanglement is more likely in goats of Texan genetic background (McGregor, 2002).  267 
Older dams produced progeny which had a higher severity of staple entanglement. It is 268 
possible that flock selection led to a gradual improvement over time in the genetic propensity of doe 269 
kids born to produce less entangled mohair staples. These doe kids become the flock dams and this 270 
leads to younger breeding does producing kids which grow less entangled mohair. This possibility is 271 
supported by the fact that, at the time of the study, staple entanglement was an issue of concern to 272 
many Australian mohair producers (RIRDC, 1998), and this may have led to strong selection for 273 
reduced staple entanglement in the source flock for this study.  274 
Other kid and doe related factors associated with birth, namely kid birth weight, birth parity 275 
(single vs. twin birth) and weaning weight were not apparent (Appendix).  276 
 277 
4.3. The effect of shearing season  278 
 279 
Winter grown mohair generally had more severe staple entanglement than summer grown 280 
mohair with scores being 0.5 lower in winter than in most summer grown mohair. This suggests that 281 
factors associated with the winter period such as photoperiod or humidity are important enabling 282 
factors associated with the formation of staple entanglement to affect the staples. Never the less, in 283 
one summer, at age 3.5, staple entanglement was similar to that of winter grown mohair. This is true 284 
whether or not staple entanglement score is adjusted for FC and CWY (Table 6). In one winter, at age 285 
4.0, staple entanglement was lower than all other winter shearings, after adjusting for FC and CWY. 286 
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Thus while most summer shearings have similar staple entanglement, and most winter shearings have 287 
similar staple entanglement, there are some years when summer or winter seasons differ from this 288 
pattern. 289 
 290 
4.4. Influence of fleece attributes 291 
 292 
Staple entanglement was lower when FC was low and CWY was high compared with fleeces 293 
with either low FC and low CWY, or high FC at any CWY. The difference was about 0.5 score (Fig. 294 
4). This suggests that the natural contaminants in mohair, such as wool grease, suint, scurf (skin 295 
pieces) and perhaps soil play a role in staple entanglement in mohair with low FC. For mohair of 296 
higher FC, high CWY did not prevent increased staple entanglement.  297 
The consequence of including FC and CWY in the model in reducing the random variation 298 
between sires and between individuals, but not appreciably changing residual variation, is evidence 299 
that the relationship of FC and CWY and staple entanglement occurs at the between animal level, not 300 
at the within animal level. Thus we can say that animals that have low FC and high CWY over their 301 
lifetime (i.e. those animals for which the repeatable component of FC is low and the repeatable 302 
component of CWY is high) will have more acceptable levels of staple entanglement scores 303 
throughout their life. This is in contrast to animals with lower FC and lower CWY over their lifetime 304 
having less acceptable levels of staple entanglement, and is in contrast to animals with higher FC and 305 
any CWY over their lifetime having less acceptable levels of staple entanglement. The implication is 306 
that management treatments that directly change FC and CWY in the short term, such as avoiding soil 307 
contamination in low FC fleeces to increase CWY, will not affect staple entanglement score even at 308 
the subsequent shearing. It is more likely that reducing FC and increasing CWY through genetic 309 
selection, or through maternal means, will have a positive impact on staple entanglement.  310 
The importance of lifetime factors such as genetic origin, and dam age and environmental 311 
factors such as shearing season and shearing frequency did not alter appreciably if terms related to 312 
fleece quality were included in the model (Tables 3, 4, 5, 6, Fig. 2). This indicates that the relationship 313 
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between staple entanglement and FC and CWY is operating separately to the relationship between 314 
staple entanglement and genetic origin, dam age, shearing season and shearing frequency.   315 
 316 
4.5. Influence of live weight 317 
 318 
 Similarly to staple length, there was no evidence of any influence of live weight on staple 319 
entanglement. This result was unlike our findings with MFD, clean fleece weight and the incidence of 320 
medullated fibres, where live weight did influence these fleece attributes (McGregor et al., 2012, 321 
2013a,b,c). There was also no evidence of any influence of live weight change on staple 322 
entanglement. One implication is that the level of nutrition has little effect on staple entanglement. 323 
Thus, the effect of shearing season on entanglement is unlikely to be nutritionally based.  324 
 325 
4.6. Random variation 326 
 327 
There was a moderate amount of variability due to sires and individuals indicating that 328 
repeatability of staple entanglement score, after adjusting for terms examined, is around 0.3 - 0.4 329 
(Table 7). These sources of variability did not change with age indicating no evidence of ephemeral 330 
between animal effects. This indicates that, unlike MFD and SL (McGregor et al., 2012, 2013b), 331 
between animal effects are completely determined at a young age, or in utero.  332 
 333 
5. Conclusion 334 
 335 
An easy way to almost eliminate staple entanglement is to shear more than twice annually. 336 
Unfortunately, this is not likely to be economic except in special marketing situations. Within each 337 
shearing, all of the observed systematic variation was due to permanent genetic (or possible maternal) 338 
effects on the animal. These effects included responses to breed, dam age, CWY and FC. 339 
Nevertheless, these systematic effects only explained a minority (in standard deviation terms) of the 340 
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permanent genetic (or possibly maternal) effects. Mohair producers can manage the genetic effects by 341 
careful selection of sires, especially avoiding those with low CWY or high FC, and avoiding sires 342 
with higher levels of staple entanglement or that have produced progeny with higher levels of staple 343 
entanglement.  344 
Staple entanglement was greater at winter shearings than in most summer shearings indicating 345 
that unidentified environmental effects are affecting staple entanglement, although the lack of a live 346 
weight change effect on entanglement indicates that this effect might not be due to nutrition. If the 347 
direct cause of these environment effects could be identified, it may be possible to manipulate them to 348 
reduce the severity of staple entanglement.  349 
 350 
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Fig. Captions 420 
Fig. 1. On the left is a photograph of a mohair staple with a staple entanglement score of 1, showing 421 
the exaggerated crimps in the lower section of the staple. On the right, a stylised mohair staple 422 
illustrating how fibres within a staple become entangled when adhesions form between longer faster 423 
growing crimped fibres and shorter slower growing fibres which become straightened. Adhesions also 424 
form between the longer faster growing fibres. 425 
 426 
427 
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Fig 2. Dot histograms showing staple entanglement score at each age for (a) all shearing intervals 428 
except 4 times per year  429 
 430 
and (b) 4 times per year. 431 
 432 
433 
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Fig. 3. Effects of dam age on staple entanglement score, (a) without adjustment for fibre curvature 434 
(FC, /mm) and clean washing yield (CWY, %w/w),  435 
 436 
 437 
and (b) with adjustment for FC and CWY. Values are presented for situations other than 3 month 438 
shearing intervals, with equal weighting on transformed scale for the three breed types and with equal 439 
weighting on transformed scale for winter and summer (excluding age 3.5 years for results unadjusted 440 
and excluding ages 3.5 and 4 years for results adjusted for FC and CWY). Error bars show 95% 441 
confidence limits  442 
 443 
444 
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Fig. 4. Effects of clean washing yield and fibre curvature on staple entanglement score. Values are 445 
presented for situations other than 3 month shearing intervals, with equal weighting on transformed 446 
scale for the three breed types and with equal weighting on transformed scale for winter and summer 447 
(excluding ages 3.5 and 4 years). Symbols for different fibre curvature: , 10 °/mm; , 18 °/mm. 448 
Error bars show 95% confidence limits  449 
 450 
 451 
452 
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Table 1 453 
The mean ( s.d.) increase in apparent staple length following disentanglement of fibre adhesions 454 
within mohair staples of differing staple entanglement scores (number of records shown in brackets). 455 
Lower staple entanglement scores indicate more severe entanglement (McGregor, 2007) 456 
Staple entanglement score 
(n) 
Raw staple 
length (cm)a 
Disentangled staple 
length (cm) 
Increase in apparent 
staple length (%)a 
5 and 4 (16) 10.8  2.25a 11.7  1.26   9.4  12.48c 
3 (14) 11.8  3.29a 15.0  4.05 28.6  13.63b 
2 (12)   9.6  2.68a,b 13.9  3.75 46.2  16.82a 
1 (12)   7.7  0.76b 12.6  1.39 64.3  19.30a 
a; mean values with different superscripts differ P < 0.05 based on “t”test. 457 
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Table 2 
Fixed terms used in parsimonious models for -log10(5.5 – staple entanglement score) 
Acronym Factor/variate 
Number of 
levels 
Description 
 
Breed Factor 3 Indicating whether Sire is Texan, South African or Mixed breed 
Often Factor 2 Indicating whether or not shearing was every 3 months (only occurred during shearing experiment) 
Season Factor 2 Indicating summer or winter shearing 
Age3p5 Factor 2 Indicating whether or not animals are 3.5 years of age 
Age4 Factor 2 Indicating whether or not animals are 4 years of age 
DamAge Variate Not applicable Indicating age of dam at kidding (years) 
CWY Variate Not applicable Clean washing yield (%w/w)  
FC Variate Not applicable Fibre curvature (°/mm) 
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Table 3 
Tests for included fixed and random effects in the models for -log10(5.5 – staple entanglement score) . 
Each analysis included 694 records. P-Values in bold are significant at the 5% level. 
 
Adjustment to model Model without fleece 
attribute terms  
Model with fleece 
attribute terms 
Degrees of 
freedom 
P-Value Degrees of 
freedom 
P-Value 
Fixed effects (F tests)     
Breed 2, 6.8 0.051 2, 6.8 0.057 
Often 1, 581.7 2.8  10-44 1, 472.5 1.7  10-44 
Season 1, 605.6 4.2  10-16 1, 613.5 2.0  10-11 
Age3p5 1, 627.8 3.1  10-6 1, 640.6 7.4  10-9 
DamAge 1, 86.9 0.010 1, 87.9 0.041 
Age4 Not applicable 1, 656.3 0.00063 
Product of fibre curvature and clean 
washing yield 
Not applicable 1, 563.4 0.010 
     
Random effects (Chi square test)     
Sire effect 1 0.028 1 0.13 
Individual effect 1 3.1  10-7 1 0.0055 
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Table 4 
Effects of shearing regime on staple entanglement score. Values presented for situations other than 3 
month shearing intervals, have equal weighting on the transformed scale for the three breed types and 
with equal weighting on transformed scale for winter and summer (excluding age 3.5 years for results 
unadjusted for fibre curvature (FC, /mm) and clean washing yield (CWY, %w/w), and excluding 
ages 3.5 and 4 years for results adjusted for FC and CWY).   
 
Shearing regime 
Not adjusted for FC and CWY Adjusted for FC and CWY 
-log10(5.5-y) 
transformed Back transformed 
-log10(5.5-y) 
transformed Back transformed 
     
Often (shearing 
quarterly) 0.13 4.8 0.13 4.8 
Other shearing 
regimes -0.25 3.7 -0.25 3.7 
     
s.e.d. 0.035  0.024  
     
 
 
Table 5  
Effects of genetic background on staple entanglement score. Values are presented for situations other 
than 3 month shearing intervals and with equal weighting for winter and summer (excluding age 3.5 
years for results unadjusted for fibre curvature (FC, /mm) and clean washing yield (CWY, %w/w), 
and excluding ages 3.5 and 4 years for results adjusted for FC and CWY).   
 
Breed 
Not adjusted for FC and CWY Adjusted for FC and CWY 
-log10(5.5-y) 
transformed 
Back 
transformed 
-log10(5.5-y) 
transformed 
Back 
transformed 
     
Texana -0.33 3.4 -0.30 3.5 
Mixeda -0.21 3.9 -0.21 3.8 
South Africanb -0.21 3.9 -0.24 3.9 
     
s.e.d. (a vs. a) 0.041  0.031  
s.e.d. (a vs. b) 0.049-0.050  0.037-0.038  
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Table 6 
Effects of shearing season and shearing age on staple entanglement score. Values are presented for 
situations other than 3 month shearing intervals and with equal weighting for the three breeds. 
Abbreviations: fibre curvature, FC (/mm); clean washing yield, CWY (%w/w).   
Shearings 
 
Not adjusted for FC and CWY Adjusted for FC and CWY 
-log10(5.5-y) 
transformed 
Back 
transformed 
-log10(5.5-y) 
transformed 
Back 
transformed 
All winter shearings (except 
age 4 with adjusted analysis)a -0.32 3.4 -0.30 3.5 
All summer shearings (except 
age 3.5)a -0.18 4.0 -0.19 4.0 
Age 4 winter shearingb - - -0.39 3.0 
Age 3.5 summer shearingb -0.30 3.5 -0.34 3.3 
     
s.e.d. (a vs. a) 0.016  0.017  
s.e.d. (a vs. b) 0.024-0.025  0.025-0.026  
s.e.d. (b vs. b) -  0.031  
     
 
 
 
Table 7 
Residual standard deviation (r.s.d) of staple entanglement scores. 
Source of variation Not adjusted for FC and CWY Adjusted for FC and CWY r.s.d. s.e.(r.s.d.) r.s.d. s.e.(r.s.d.) 
     
Between sires 0.05 0.019 0.03 0.016 
Between individuals 0.07 0.011 0.05 0.012 
Residual 0.19 0.005 0.19 0.006 
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Appendix 
Tests for excluding fixed and random effects in the models for -log10(5.5 – staple entanglement score). 
Abbreviations: Breed, refers to genetic strain of Angora goat; CWY, clean washing yield; FC, fibre 
curvature; na, not applicable; nd, not tested because no statistically significant sire effect detected; 
Often, refers to shearing 4 times each year; Season, indicates summer or winter shearing of mohair.  
Adjustment to model Model without fleece 
attribute terms  
Model with fleece 
attribute terms 
Degrees of 
freedom 
P-Value Degrees of 
freedom 
P-Value 
Fixed terms     
Further shearing regime effects (includes not 
applicable level outside shearing experiment) 
6, 621.9 0.84 6, 562.9 0.50 
Further age of shearing effects 6, 614.4 0.59 5, 624.9 0.16 
Square of dam age 1, 87.3 0.29 1, 86.2 0.44 
Square of CWY na 1, 624.8 0.35 
Square of FC na 1, 556.1 0.98 
Interaction between Breed and Often 2, 580.8 0.23 2, 495.8 0.26 
Interaction between Breed and Season 2, 603.8 0.15 2, 603.4 0.37 
Interaction between Breed and Age 3.5 2, 618.7 0.95 2, 618.6 0.93 
Interaction between Breed and Age 4 na 2, 604.7 0.032 
Dam age effect differs with Breed 2, 87.1 0.81 2, 85.3 0.74 
CWY effect differs with Breed na 2, 429.2 0.57 
FC effect differs with Breed na 2, 256.8 0.52 
Interaction of Often with Season 1, 603.5 0.16 1, 606.1 0.16 
Interaction of Often with Age 3.5 1, 610.1 0.15 1, 609.9 0.30 
Dam age effect differs with Often 1, 627.8 0.98 1, 545.0 0.63 
CWY effect differs with Often na 1, 642.8 0.55 
FC effect differs with Often na 1, 577.4 0.79 
Dam age effect differs with Season 1, 607.8 0.54 1, 607.4 0.64 
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CWY effect differs with Season na 1, 661.0 0.36 
FC effect differs with Season na 1, 642.1 0.14 
Dam age effects differs with Age 3.5 1, 622.8 0.79 1, 623.3 0.52 
CWY effects differs with Age 3.5 na 1, 652.0 0.080 
FC effects differs with Age 3.5 na 1, 633.7 0.22 
Dam age effects differs with Age 4 na 1, 605.7 0.38 
CWY effects differs with Age 4 na 1, 643.3 0.98 
FC effects differs with Age 4 na 1, 636.9 0.76 
Product of Dam age and CWY na 1, 410.9 0.12 
Product of Dam age and FC na 1, 200.2 0.26 
Average fleece-free live weight na 1, 661.0 0.12 
Fleece-free live weight change between 
shearings 
na 
 
1, 624.2 0.64 
Single vs. twin birth 1, 83.3 0.95 1, 76.0 0.75 
Weaning weight  1, 84.9 0.11 1, 83.5 0.072 
Birth weight 1, 86.0 0.27 1, 82.6 0.37 
Date of birth 16, 67.2 0.23 16, 63.9 0.96 
Mean fibre diameter na 1, 496.6 0.37 
Coefficient of variation of fibre diameter na 1, 290.2 0.19 
FC s.d. na 1, 670.3 0.21 
Incidence of medullated fibres (% by number) na 1, 458.5 0.10 
Mean fibre diameter of medullated fibres na 1, 649.4 0.43 
Staple length na 1, 681.4 0.85 
Greasy fleece weight na 1, 655.1 0.50 
     
Random effects (Deviance test)     
Dam effect 1 0.73 1 0.40 
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General covariance structure of individuals 
between shearing ages 
43 0.48 43 0.66 
Sire by Age effect 1 0.49 1 1.00 
Sire variance differs between shearing ages (with 
correlation = 1) 
8 0.16 8 0.37 
Separate response to dam age for each animal 
(including correlation between intercept and 
slope) 
2 0.61 Did not converge 
Separate response to dam age for each sire 
(including correlation between intercept and 
slope 
Did not converge nd 
Separate response to FC for each animal 
(including correlation between intercept and 
slope) 
na 2 0.83 
Separate response to CWY for each animal 
(including correlation between intercept and 
slope) 
na 2 0.94 
Animal by Often effect 1 0.40 1 0.27 
Sire by Often effect 1 0.82 nd 
 
